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A. Sensitivity and Stability of Multivariable Feedback Systems with Large
Plant Perturbations AFOSR has sponsored our work on sensitivity of multivariable systems for a number of years. One of the key concepts we developed which has had significant impact in the development of design concepts for feedback systems is comparison sensitivity. Although it was originally proposed for plant perturbations which might be large, the concept was principally used for small plant perturbations. We had explicit results for nonlinear pertur bations which are not necessarily small. In recent years several investigators have focused attention on the stability of multivariable feedback systems when the plant is subject to large perturbations. The principal tool is singular value analysis. We have shown that our earlier work on sensitivity could be expressed in terms of singular values in a manner that displays remarkable similarity in the nature of requirements for stability-robustness. We have clarified the relationships between the two sets of sufficient conditions.
In particular we have shown that the conditions for maintaining sensitivity, i.e., sensitivity robustness, include the conditions for maintaining stability, i.e., stability robustness. Thus, a system design which is robust in sensitivity with respect to large plant perturbations is necessarily robust in stability with respect to the same large plant perturbations.
Thus the requirement for sensitivity margin exceeds that for stability margin. 
B. Sensitivity Reducing Compensators Using Observers
We developed the concept of comparison sensitivity for multivariable systems several years ago as a tool for assessing the benefits of feedback.
Linear optimal state regulators were found by Kreindler to automatically satisfy our sensitivity criterion. Naeije and Bosgra extended Kreindlerfs result to output feedback controls using dynamic compensators. Implementing a full state feedback law using an observer to estimate the unmeasured states will not satisfy the output sensitivity reduction criterion in general. We developed an extension of Naeije and Bosgra to the particular case of output feedback system using state observers [9, 22 ]. An interactive software has been developed and applied to a simple aircraft control example [A2]. The design procedure using observers is an improvement over the design with arbitrary compensator dynamics for the following reasons. First, the design 4 of the observer is well-known and by placing the poles of the observer the designer is selecting poles of the overall feedback system. Second, the dynamic order of the reduced order observer is less than the maximum bound on the dynamic order of the compensator designed by the methods of Naeije and Bosgra. Finally, the use of observers leads to a useful interpretation of the sensitivity weighting matrix [9,22].
C. Sensitivity Adaptive Feedback with Estimation Redistribution
We developed an approach to the synthesis of dynamic controllers for systems containing unknown random parameters. This approach, called SAFER control [ 
